Treeshrews (order Scandentia) comprise 2 families of squirrel-sized terrestrial, arboreal, and scansorial mammals distributed throughout much of tropical South and Southeast Asia. The last comprehensive taxonomic revision of treeshrews was published in 1913, and a well-supported phylogeny clarifying relationships among all currently recognized extant species within the order has only recently been published. Within the family Tupaiidae, 2 widely distributed species, the northern treeshrew, Tupaia belangeri (Wagner, 1841), and the common treeshrew, T. glis (Diard, 1820), represent a particularly vexing taxonomic complex. These 2 species are currently distinguished primarily based on their respective distributions north and south of the Isthmus of Kra on the Malay Peninsula and on their different mammae counts. This problematic species complex includes 54 published synonyms, many of which represent putative island endemics. The widespread T. glis and T. belangeri collectively comprise a monophyletic assemblage representing the sister lineage to a clade composed of the golden-bellied treeshrew, T. chrysogaster Miller, 1903 (Mentawai Islands), and the long-footed treeshrew, T. longipes (Thomas, 1893) (Borneo). As part of a morphological investigation of the T. glis-T. belangeri complex, we studied the proportions of hand bones, which have previously been shown to be useful in discriminating species of soricids (true shrews). We measured 38 variables from digital X-ray images of 148 museum study skins representing several subspecies of T. glis, T. belangeri, T. chrysogaster, and T. longipes and analyzed these data using principal components and cluster analyses. Manus proportions among these 4 species readily distinguish them, particularly in the cases of T. chrysogaster and T. longipes. We then tested the distinctiveness of several of the populations comprising T. glis and T. longipes. T. longipes longipes and T. l. salatana Lyon, 1913, are distinguishable from each other, and populations of T. ''glis'' from Bangka Island and Sumatra are distinct from those on the Malay Peninsula, supporting the recognition of T. salatana, T. discolor Lyon, 1906, and T. ferruginea Raffles, 1821 as distinct species in Indonesia. These relatively small, potentially vulnerable treeshrew populations occur in the Sundaland biodiversity hotspot and will require additional study to determine their appropriate conservation status.
2001). Relationships within Euarchonta remain controversial, and treeshrews have been considered alternatively the sister taxon of Dermoptera (Sundatheria-Bloch et al. 2007; Murphy et al. 2001) , Primates (Liu et al. 2009 ), and a PrimatesDermoptera clade (Primatomorpha-Janecka et al. 2007) . Most recently, they were supported as the sister of a RodentiaLagomorpha clade (Glires-Meredith et al. 2011) .
Despite the broad interest in the interordinal relationships of treeshrews stimulated by their potentially close relationship with Primates, intraordinal relationships had been largely ignored until recently. Early molecular investigations of treeshrew interrelationships were phenetic studies based on either immunodiffusion distances (Dene et al. , 1980 or DNA-DNA hybridization (Han et al. 2000) and, therefore, not readily amenable to testing alternative hypotheses or assessing support for groupings. Furthermore, taxon sampling was extremely limited in these studies, with inclusion of only 6 (Han et al. 2000) to 9 (Dene et al. , 1980 of the 20 currently recognized species (Helgen 2005) .
More-recent studies provide an intraordinal phylogenetic framework in which evolutionary and biogeographic patterns can be explored in greater detail. Olson et al. (2004b) reanalyzed published morphological data in parsimony analyses, and Olson et al. (2005) conducted the 1st analysis of treeshrew interrelationships based on DNA sequence data, analyzing the mitochondrial 12S rRNA gene from 16 species representing all 5 currently recognized genera. Roberts et al. (2009) conducted a phylogenetic analysis of 6 nuclear genes in 11 species and followed up with a phylogenetic analysis and divergence date estimates based on the contiguous mitochondrial ribosomal genes 12S, tRNA-Val, and 16S from each of the 20 recognized species .
These recent phylogenetic analyses of interspecific relationships among treeshrews have implications for the taxonomy of the group, which has a tortuous history and has not been comprehensively studied since Lyon's (1913) monographic revision a century ago, in which he recognized 46 species (and 35 additional subspecies) of treeshrews. Leading up to and following Lyon's (1913) taxonomic treatment of the group, there was a proliferation of species and subspecies descriptions through the 1st half of the 20th century, with a subsequent era of synonymization resulting in a dramatic decrease in the number of recognized species (see Fig. 1 ). In recent years, this number has varied from 16 Hill 1980, 1992; Honacki et al. 1982) to 19 (Duff and Lawson 2004; or 20 (Helgen 2005) species. Species boundaries are particularly poorly defined in Tupaia, a genus that Wilson (1993:131) characterized as being ''badly in need of review.'' Among Tupaia, the most problematic taxa have been the 54 named forms now synonymized with T. glis (Diard, 1820) , the common treeshrew, and T. belangeri (Wagner, 1841) , the northern treeshrew (Helgen 2005) . Within this complex, various authorities have recognized as many as 10 species (Lyon 1913) or as few as 1 (Napier and Napier 1967) . Adding to this confusion, decisions regarding synonymy have often been inconsistent among taxonomists (see below).
Criteria used to delineate species and subspecies of Tupaia have been dominated by external characters, primarily subtle differences in pelage color (Steele 1983) . Hill (1960) , however, demonstrated that among mainland populations identified as T. glis and T. belangeri, much of this pelage variation is continuously distributed along a latitudinal cline, with no clear discontinuities separating the 2 species. A similar cline is evident among populations on islands adjacent to the Malay Peninsula (Hill 1960) . Napier and Napier (1967) subsequently referred all of these populations to T. glis. In contrast, Martin (1968) recognized all mainland forms of Tupaia north of the Isthmus of Kra (~108 N latitude), most of which possess 6 mammae, as T. belangeri, and those distributed south of the isthmus, which have only 4 mammae, as T. glis (Table 1 ). The separation of T. belangeri and T. glis was supported by Olson et al. (2005) , but more recent molecular studies employing additional data and taxa suggest that the 2 are not reciprocally monophyletic, at least over the coalescent history of their mitochondrial genomes Roberts et al. 2011) . Maximum divergence in the 12S gene between individual specimens identified as T. glis and T. belangeri can exceed that between Homo and Pan and even that between Mus and Rattus (Olson and Yoder 2002) . T. glis and T. belangeri also have been distinguished in a bioacoustical analysis of their loud (chatter) calls (Esser et al. 2008) .
Although the distinction between T. glis and T. belangeri has been accepted by most recent authors (e.g., Helgen 2005) , affiliation of individual taxa described from the region surrounding the Isthmus of Kra has been inconsistent. Tupaia lacernata kohtauensis Shamel, 1930 , T. ferruginea operosa Robinson and Kloss, 1914 , and T. f. ultima Robinson and FIG. 1.-Accumulation curve of the total number of described species and subspecies (circles) of treeshrews from 1820, when the 1st species was described, to present. Squares represent the number of species recognized in the 3 editions of Mammal Species of the World (Helgen 2005; Honacki et al. 1982; . Open circle indicates the last formal revision of Scandentia by Lyon (1913) . Kloss, 1914 , for example, were referred to T. glis by Corbet and Hill (1992) , but were later reallocated without explanation to T. belangeri (Helgen 2005; ). Analysis of pelage color and craniodental measurements among purported T. glis from the Hat-Yai region of southern peninsular Thailand revealed the sympatric occurrence of 2 discrete morphotypes (Endo et al. 2000b) , an observation interpreted as range overlap between T. glis and T. belangeri 38 south of the previously recognized contact zone (Endo et al. 2000b; Helgen 2005) . Cooccurrence of the 2 putative species has since been confirmed in a cytogenetic study (Hirai et al. 2002) . The fact that Lyon (1913) recorded individuals north of the Isthmus of Kra with only 2 pairs of mammae suggests that the contact zone may be broader than suspected.
Some taxa once considered synonymous with T. glis can be distinguished by mammae formula. The long-footed treeshrew, Tupaia longipes (Thomas, 1893) , from Borneo, has 6 mammae, whereas the golden-bellied treeshrew, T. chrysogaster Miller, 1903 , endemic to the Mentawai Islands off the west coast of Sumatra, is characterized by the presence of only 2 mammae. The separation of T. longipes and T. chrysogaster from T. glis also is supported by molecular analyses (Olson et al. 2005; Roberts et al. 2009; Roberts et al. 2011) . A population from Bangka Island off the east coast of Sumatra that was recognized as a distinct species (T. discolor Lyon, 1906) by Lyon (1913) , but currently referred to T. glis (Helgen 2005) , possesses the 6 mammae typical of T. belangeri and T. longipes, whereas other taxa currently synonymized with T. glis, such as T. ''glis'' ferruginea (Raffles, 1821) from Sumatra and T. ''glis'' hypochrysa (Thomas, 1895) from Java, have the 4 mammae typical of T. glis (Table 1) .
Morphometric features have occasionally featured in the recognition of taxonomic boundaries among species of Tupaia. For example, Thomas' (1917) description of T. clarissa (now referred to T. belangeri) from southern peninsular Myanmar was based on differences in skull size relative to more northerly populations. Thomas (1917:199) further remarked on the ''complete absence of intermediate specimens'' in this region. Until very recently, geographic variation in body size within treeshrew species received little, if any, attention. Based on cranial measurements, Endo et al. (2000a) showed that specimens referred to T. glis from south of the Isthmus of Kra were morphometrically distinct from specimens identified as T. belangeri collected north of the Isthmus (from Thailand and Laos), although no clear patterns were identified.
In our morphological evaluation of the T. glis species complex, we examined variation in proportions of the hand (manus) bones. Morphology of the forelimb and manus has long been recognized as diagnostically useful at higher taxonomic levels among mammals (e.g., Carroll 1988; Kardong 1998; Owen 1866; Vaughan 1970 ) and has more recently been used successfully to differentiate closely related species of soricids (Woodman 2010 (Woodman , 2011 Woodman and Morgan 2005; Woodman and Stephens 2010) , which, like treeshrews, are a group rife with cryptic species lacking obvious diagnostic characteristics. Although various aspects of the treeshrew forelimb, including the manus, have been studied (e.g., Sargis 2002a; Stafford and Thorington 1998), the focus of these studies has been on the carpus rather than hand proportions. As with many other mammalian taxa, few cleaned and intact skeletons of the manus of tupaiids are available for study (see Sargis 2002a) . Fortunately, traditional methods of preparing dried skins of small mammals for systematic study leave bones of the hands within the dried skins in their relative positions. Following methods described by Woodman and Morgan (2005) , we imaged the manus skeleton in dried skins with a digital X-ray system and used the resulting images to quantify intraspecific and interspecific variability among treeshrew taxa.
MATERIALS AND METHODS
We X-rayed the right and left manus of 148 dried study skins of tupaiids using a Kevex-Varian digital X-ray system in the Museum Support Center of the United States National Museum of Natural History (USNM), Suitland, Maryland. Forefeet were X-rayed at 30 kV, 356 lA with a Thermo Scientific Kevex X-ray source interfaced with a desktop computer using Kevex X-ray Source Control Interface (version 4.1.3; Palo Alto, California). Digital images were constructed using Varian Medical Systems Image Viewing and Acquisition (VIVA version 2.0; Waltham, Massachusetts) and then transferred to Adobe Photoshop CS4 Extended (version 11.0.2; Adobe Systems Inc., San Jose, California), trimmed, and converted to positive images (Fig. 2) . One of us (ATR) 1970 -175, 1990 -501-1990 -506, 1990 -508-1990 USNM 583793-583795, 583817, 584375, 584376 quantified variation in the metacarpals and phalanges of the manus by measuring the images of these elements with the custom Measurement Scale in the Analysis menu of Adobe Photoshop. A list of the taxa we investigated for this study, and the specimens we assigned to each, is provided in Appendix I. Measurements were taken from the most complete image of either the right or left side, and supplemented, where necessary and possible, by measurements from the image of the other side. We recorded the following measurements from all 5 rays (38 total), with the exception that depths (dorsopalmar distances) of bones were substituted for widths (mediolateral distances) in ray I because of its orientation in the images: DPD ¼ distal phalanx depth; DPL ¼ distal phalanx length; DPW ¼ distal phalanx width; MD ¼ metacarpal depth; ML ¼ metacarpal length; MW ¼ metacarpal width; MPL ¼ middle phalanx length; MPW ¼ middle phalanx width; PPD ¼ proximal phalanx depth; PPL ¼ proximal phalanx length; PPW ¼ proximal phalanx width (Fig. 2) . All measurements are in millimeters and are rounded to the nearest 0.01 mm. Tabled summary statistics include mean, standard deviation, and total range ( Table 2) .
We conducted principal components analysis (PCA) individually on each ray, and occasionally by combining data from different rays, to investigate variation in digit proportions among taxa at each stage of our study. In general, however, we avoided combining variables from different rays because the resulting models were too parameter-rich to interpret. Because the results of our analyses provided evidence for the possible recognition of additional taxa, our investigation was conducted in 6 stages represented by different numbers of taxa and different compositions of certain taxa. Our initial analyses involved 4 previously recognized species (Helgen 2005 )-T. belangeri, T. chrysogaster, T. glis, and T. longipes-and ultimately included 8 taxa that we eventually interpreted as being taxonomically distinct (Appendix I): T. belangeri, T. chrysogaster, T. ''glis'' discolor (Bangka Island), T. ''glis'' ferruginea (i.e., all T. glis from Sumatra), T. ''glis'' hypochrysa (Java), T. glis (all subspecies, but see caveat below), T. longipes longipes, and T. longipes salatana Lyon, 1913 . Because 3 taxa (T. ''glis'' discolor, T. ''glis'' ferruginea, and T. ''glis'' hypochrysa) were sequentially removed from T. glis during the course of our study, the composition of T. glis varied. Similarly, T. longipes was eventually split into T. l. longipes and T. l. salatana.
In all cases except our initial test of the 4 currently recognized species, we analyzed taxon mean values and variation among individuals. The advantage of analyzing means is that the procedure permits us to utilize variables that are missing from individual specimens, which would exclude these specimens from the analyses and reduce the effective sample size considerably. Because of the resulting completeness of the data set, the most useful variables can be selected for a particular analysis. To compare some synonymized taxa more closely with T. glis, we also analyzed individuals. This type of analysis permits us to assess variance within and between groups, determine how much overlap in morphological space exists between taxa, and examine outliers. Because of missing data, analyses involving individuals are generally a compromise between number of variables and number of specimens. For this reason, the models used for analyses of In addition to PCA, we performed hierarchical cluster analyses on the 38 variables from all 5 rays to determine the similarity of hand proportions among taxa. Phenograms from these analyses are presented with Euclidean distances.
Four taxa.-Our initial objective in studying the hands of Tupaia was to determine whether characteristics of the skeleton of the manus would help to distinguish the closely related species T. belangeri, T. chrysogaster, T. glis, and T. longipes. The 4 taxa in this 1st analysis were T. belangeri, T. chrysogaster, T. glis
Five taxa.-In the 2nd stage of our investigation, we examined the distinctiveness of the Bangka Island population, T. ''glis'' discolor, by contrasting it with the 4 currently recognized species. This stage included 5 groups:
Subspecies of Tupaia longipes.-The 3rd stage examined differentiation of 2 subspecies of T. longipes (T. l. longipes and T. l. salatana) that occur in distinct regions of Borneo. In our search for potential differences between these 2 taxa, we again carried out PCA on each of the 5 rays individually. Because of the small sample sizes, we used only variables with complete data for all specimens (except for ray V, for which complete data were available for only 6 specimens). This restriction resulted in only 3 or 4 variables being available for each ray. To construct a more comprehensive data set, we also performed a PCA on 10 variables combined from rays I, IV, and V because those rays had the most distinctive variables.
Six taxa.-In the 4th stage of our investigation, we attempted to determine both how well T. l. longipes and T. l. salatana were differentiated when compared with the other 4 taxa (T. belangeri, T. chrysogaster, T. glis [T. glis þ T. ''glis'' ferruginea þ T. ''glis'' hypochrysa], and T. ''glis'' discolor), and, consequently, how treatment of T. l. longipes and T. l. salatana as separate taxa affected the distinctiveness of those other taxa.
Seven taxa.-The 5th stage examined the distinctiveness of all T. glis from the island of Sumatra (referred to herein as T. ''glis'' ferruginea) from all other T. glis, resulting in 7 taxon groups: T. glis (T. glis þ T. ''glis'' hypochrysa), T. ''glis'' ferruginea, T. ''glis'' discolor, T. belangeri, T. chrysogaster, T. l. longipes, and T. l. salatana. This stage also examined the effect the removal of Sumatran forms had on the distinctiveness of T. glis and T. ''glis'' discolor.
Javan Tupaia ''glis'' hypochrysa.-Our ability to separate Sumatran T. ''glis'' ferruginea from other T. glis in the previous stage led us to examine Javan T. ''glis'' (i.e., T. ''glis'' hypochrysa) as well. We had only a single specimen of T. ''glis'' hypochrysa available to us, so we limited our study to PCA and cluster analyses of T. glis and 3 island forms: T. chrysogaster, T. ''glis'' ferruginea, and T. ''glis'' hypochrysa.
T. chrysogaster was included here because Lyon (1913) paired this taxon with T. hypochrysa in his ''Hypochrysa Group.'' Much of the variation in the proportions of the bones of the manus at higher taxonomic levels can be clearly associated with ecological and behavioral characteristics (e.g., Kirk et al. 2008; Weisbecker and Schmid 2007) , as well as phylogeny (e.g., Owen 1866). However, the forefeet of the closely related Tupaia taxa we studied tend to be quite conservative, with proportional variation typically measured in fractions of millimeters. These taxa are similar in body size, substrate preference, and general locomotor behavior (e.g., Emmons 2000; Kawamichi and Kawamichi 1979; Langham 1982) , and the subtle variation we documented is unlikely to be substantial enough to represent adaptive features related to locomotion. It more likely represents smaller-scale variation within a broader adaptive constraint at a higher taxonomic level. The lack of major functional differences in other aspects of the postcrania of these Tupaia taxa (Sargis 2001 (Sargis , 2002a (Sargis , 2002b ) supports this view.
RESULTS
Four taxa.-Although our investigation of the hand proportions of T. glis, T. belangeri, T. chrysogaster, and T. longipes included PCA of each individual ray, our discussion focuses on ray IV because this analysis yielded the greatest separation among the 4 species. A bivariate plot of the first 2 factors from the PCA of ray IV is shown in Fig. 3A . Factor 1, which accounts for nearly 75% of the total variance (Table 3) , represents size, and factor 2, representing almost 20% of the total variance, is a shape factor most highly influenced in this analysis by the negatively weighted variables DPL and DPW (Table 3) . For ray IV proportions, T. glis and T. belangeri are nearly the same size, and both are much smaller than either T. chrysogaster or T. longipes, especially the latter. Along the 2nd factor axis, T. glis and T. longipes exhibit short, narrow distal phalanges, although these characteristics are more extreme in the latter species. In contrast, T. chrysogaster has relatively long, wide distal phalanges, and T. belangeri is more nearly average in its proportions.
Similar plots of PCA scores from the other 4 rays (not shown) exhibit the same general size relationships, indicating that the rays of T. glis and T. belangeri are small relative to those of T. chrysogaster and T. longipes. The 2nd factor axis in each of these analyses also is dominated by DPL and DPW, except in that for ray V, in which the variables with the greatest influence are MPW and DPL. The 2nd factor scores from each of these analyses indicate that T. glis and T. belangeri are generally closest to average proportions of the distal phalanx for these 4 species, whereas T. chrysogaster has the largest and T. longipes the smallest distal phalanges.
Cluster analysis of all 38 variables shows that T. glis and T. belangeri are most similar to each other, with T. chrysogaster as the next most similar species (Fig. 3B) . T. longipes is the least similar to the other 3 species. 
Five taxa.-In our analyses of 5 taxa (T. glis, T. ''glis'' discolor, T. belangeri, T. chrysogaster, and T. longipes), our aim was to determine if the population on Bangka Island designated as T. ''glis'' discolor could be distinguished from the rest of T. glis. We again carried out PCA on each ray, but we focus our discussion on ray IV, which provided the greatest separation among the 5 taxa. A bivariate plot of the first 2 factors from the PCA of this ray is shown in Fig. 4A . Factor 1, which accounts for 60% of the total variance, represents size, and factor 2, accounting for 33% of the total variance, is a shape factor representing DPL and PPW contrasted with negatively weighted ML and PPL (Table 4) . Along the 1st factor axis, T. glis, T. ''glis'' discolor, and T. belangeri are about the same size, and they are much smaller than both T. chrysogaster and, particularly, T. longipes. The 2nd factor axis strongly separates T. ''glis'' discolor from T. glis and all of the other species, suggesting that T. ''glis'' discolor averages a shorter distal phalanx, longer, narrower proximal phalanx, and longer metacarpal.
Plots of PCA scores from the other 4 rays (not shown) exhibit the same general size relationships, except the one for ray III, in which T. ''glis'' discolor has a larger ray than T. glis, T. belangeri, and T. chrysogaster. Regardless of size, the rays of T. ''glis'' discolor are always separated from T. glis along the 2nd factor axis.
Our PCA of individuals utilized 10 variables from rays I, III, and IV (Table 5 ). These variables were chosen because they were complete for all individuals of T. ''glis'' discolor, thereby maximizing sample size for this taxon. Fortuitously, this group of variables included a good representation of both lengths and widths of individual bones. In a plot (not shown) of scores on factor axis 1, which represents size (Table 5) , and factor axis 2, which contrasts widths and lengths, T. ''glis'' discolor appears as a concentrated subset of T. glis in the lower right quadrant. This pattern reflects the medium to large overall size of T. ''glis'' discolor and its long, narrow metacarpals and phalanges relative to the remainder of T. glis. In a plot of scores on the 1st and 3rd factor axes (Fig. 4B) , T. ''glis'' discolor separates completely from T. glis primarily as a result of having long ray I metacarpals contrasted with the lengths of other bones (Tables 2 and 5 ).
Cluster analysis of 38 variables from these 5 taxa shows that T. glis and T. belangeri remain most similar to one another, with T. chrysogaster as the next most similar species (Fig. 4C) . T. ''glis'' discolor is most similar to T. longipes, rather than to T. glis.
Subspecies of Tupaia longipes.-Because of the small sample sizes available, we restricted analyses between T. l. longipes and T. l. salatana to variables with complete data for all individuals, and the resulting PCA of individual rays had TABLE 3.-Mean factor scores and component loadings from principal components analysis of 8 variables from ray IV in 4 taxa of Tupaia (Fig. 3A) FIG. 3.-Plots illustrating the distinctiveness of 4 currently recognized species, Tupaia belangeri, T. chrysogaster, T. glis, and T. longipes. A) Plot of factor scores on first 2 axes from principal components analysis of means of 8 variables from ray IV (Table 3 ). All 4 taxa plot in different quadrants. B) Phenogram from cluster analysis of 38 variables from all 5 rays. only 3 or 4 variables each. In general, the analyses with 4 variables provided clearer separation than those with 3, and we center our discussion on ray I. A bivariate plot of the first 2 factors from the PCA of this ray is shown in Fig. 5A . There is no size factor in this analysis. Instead, factor 1, which accounts for 68% of total variance, is a contrast between the lengths and widths of the metacarpal and proximal phalanx (Table 6) . Factor 2, accounting for nearly 15% of the variance, is a shape factor representing MD and PPL. Most of the separation between T. l. longipes and T. l. salatana is along the 1st factor axis. Individual specimens of T. l. longipes plot low on this axis, indicating shorter, deeper metacarpals and proximal phalanges than T. l. salatana. This relationship can be seen just   FIG. 4. -Plots illustrating the distinctiveness of Tupaia ''glis'' discolor from T. glis. A) Plot of factor scores on first 2 axes from principal components analysis (PCA) of means of 7 variables from ray IV of 5 taxa, T. belangeri, T. chrysogaster, T. glis, T. ''glis'' discolor, and T. longipes (Table 4) . T. ''glis'' discolor is in a different quadrant than T. glis. B) Plot of factor scores on 1st and 3rd axes from PCA of 10 variables from rays I, III, and IV for individuals of T. glis and T. ''glis'' discolor (Table 5 ). The 2 taxa are well separated from one another. C) Phenogram from cluster analysis of 38 variables from all 5 rays. T. ''glis'' discolor is more similar to T. longipes than to T. glis. TABLE 5.-Component loadings from principal components analysis of 10 variables from rays I, III, and IV in individuals of Tupaia ''glis'' discolor and T. glis (Fig. 4B) as easily in a bivariate plot of metacarpal I length and depth (Fig. 5B) . In plots of PCA scores from rays IV and V (not shown), the only other analyses incorporating 4 variables, T. l. longipes generally has longer, narrower metacarpals and proximal phalanges than T. l. salatana, although the pattern is not as distinct as in the analysis of ray I (Fig. 5A) . A bivariate plot of the first 2 factors from the PCA of 10 variables from rays I, IV, and V is shown in Fig. 5C . Factor 1, which accounts for only 45% of the variance, represents a contrast between the lengths and widths of certain metacarpals and proximal phalanges (Table 7) . Factor 2, accounting for more than 28% of the variance, represents the length and width of the 4th metacarpal. Most of the separation between the 2 taxa is along the 1st factor axis, with T. l. longipes plotting lower, indicating shorter, wider metacarpals and proximal phalanges than T. l. salatana, which plots higher. There is the suggestion of a trend within each taxon of scores decreasing on the 2nd axis as their scores on the 1st axis increase, but sample sizes are too small to fully assess this possible pattern.
Six taxa.-In our analyses of 6 taxa (T. glis, T. ''glis'' discolor, T. belangeri, T. chrysogaster, T. l. longipes, and T. l. salatana), we carried out PCA on each ray, but we focus our discussion on ray IV, which provided the greatest separation among the 6 taxa. The bivariate plot of the first 2 factors from the PCA of ray IV is shown in Fig. 6A . Factor 1, which accounts for almost 62% of the total variance, represents size, and factor 2, accounting for 31% of the variance, is a shape factor representing DPL and PPW contrasted with negatively weighted ML and PPL (Table 8 ). There are 3 size groupings along the 1st factor axis: the smallest taxa are represented by T. glis, T. ''glis'' discolor, and T. belangeri; an intermediate size (Table 6) , which are well separated from one another. B) Bivariate plot of metacarpal I length and depth in the 2 taxa. C) Plot of factor scores on first 2 axes from PCA of 10 variables from rays I, IV, and V for individuals of the 2 taxa (Table 7) , which are well separated from one another. group is composed of T. chrysogaster and T. l. salatana; and the largest taxon is T. l. longipes. The greater ''size'' of T. l. longipes compared to T. l. salatana in this analysis contrasts with the results from the comparison of just those 2 taxa (see above), in which T. l. salatana appeared to be larger. The difference is attributable to the higher loadings of width variables on the 1st axis in this analysis (Table 8) versus the higher loadings of length variables in the previous set of analyses (Table 7) . The 2nd factor axis in this analysis clearly separates T. glis, T. belangeri, T. chrysogaster, and T. l. longipes, which have positive scores on this axis (representing the possession of a relatively long distal phalanx; short metacarpal; and short, wide proximal phalanx), from T. ''glis'' discolor and T. l. salatana, which have strongly negative scores (a result of relatively short distal phalanges; long metacarpals; and long, narrow proximal phalanges). Plots of PCA scores from the other 4 rays (not shown) exhibit generally similar size relationships, but degrees of separation along the 2nd factor axis vary. Cluster analysis of 38 variables from these 6 taxa shows 2 distinct subsets composed of 3 taxa each (Fig. 6B) . In 1 subset, T. glis is most similar to T. belangeri, with T. chrysogaster as the next most similar species. In the 2nd subset, T. ''glis'' discolor is most similar to T. l. salatana, with T. l. longipes as the next most similar taxon.
Seven taxa.-In our analyses of 7 taxa (T. glis, T. ''glis'' discolor, T. ''glis'' ferruginea, T. belangeri, T. chrysogaster, T. l. longipes, and T. l. salatana), our aim was to test whether the population from Sumatra designated as T. ''glis'' ferruginea could be distinguished from the rest of T. glis. We carried out PCA on each ray, but we focus our discussion on rays I and II, which provided the greatest separation among the 7 taxa. A bivariate plot of the first 2 factors from the PCA of ray I is shown in Fig. 7A . The 1st factor axis, which represents 56% of the total variance, is a size vector, but with minor contributions from DPD and ML (Table 9) . Along this axis, there are 4 general size groupings, from smallest to largest: T. glis, T. belangeri, and T. ''glis'' discolor; T. ''glis'' ferruginea; T. l. salatana and T. chrysogaster; and T. l. longipes. The 2nd factor axis, comprising 27% of the variance, represents DPD and ML. This axis separates T. ''glis'' discolor, with its longer TABLE 7.-Factor scores and component loadings from principal components analysis of 10 variables from rays I, IV, and V in Tupaia longipes longipes and T. l. salatana (Fig. 5C) FIG. 6.-Plots illustrating the distinctiveness of Tupaia longipes salatana from T. l. longipes. A) Plot of factor scores on first 2 axes from principal components analysis of means of 7 variables from ray IV of 6 taxa, T. belangeri, T. chrysogaster, T. glis, T. ''glis'' discolor, T. longipes longipes, and T. l. salatana (Table 8) . T. l. longipes and T. l. salatana are in different quadrants. B) Phenogram from cluster analysis of 38 variables from all 5 rays. T. l. salatana is more similar to T. ''glis'' discolor than to T. l. longipes. metacarpal and deeper distal phalanx, from T. glis, T. ''glis'' ferruginea, and T. belangeri. To a lesser degree, it also separates T. l. salatana and T. l. longipes.
In the bivariate plot of the first 2 factors from the PCA of ray II (Fig. 7B) , the 1st factor axis is a size vector representing 50% of the total variance, but with little to no contribution from DPL, DPW, or MPL (Table 10) . As in the plot from the PCA of ray I, there are 4 size groupings in this plot, but the order of taxa and the memberships of the size groupings are different. From smallest to largest, the groupings are: T. glis and T. belangeri; T. ''glis'' ferruginea and T. ''glis'' discolor; T. chrysogaster; and T. l. salatana and T. l. longipes. The 2nd factor axis, which comprised nearly 30% of the total variance, represents DPL and DPW. This axis better distributes the groupings by separating those taxa with longer and wider distal phalanges (i.e., T. glis, T. belangeri, T. chrysogaster, and T. l. longipes) from those with a shorter, narrower distal phalanx (T. ''glis'' ferruginea, T. ''glis'' discolor, and T. l. salatana).
The middle 3 rays exhibit the same general size relationships among the 7 taxa. Plots of PCA scores from rays III and IV (not shown) show the same relative size rankings along the 1st factor axis as those for ray II (Fig. 7B) , with the exceptions that T. ''glis'' discolor averages a smaller ray IV than T. ''glis'' ferruginea, and T. chrysogaster averages a smaller ray III than T. ''glis'' discolor. In all 3 cases, the smallest rays are those of T. glis and the largest are those of T. l. longipes. The plot for ray V (not shown) is distinct in that this ray is smaller in T. ''glis'' discolor than in T. belangeri, and that of T. l. salatana is larger than that of T. l. longipes.
In our analyses of individuals of T. ''glis'' ferruginea and T. glis, we initially used all remaining subspecies of T. glis to represent that species. One outlier, however, skewed the results by greatly increasing the area on our plots occupied by T. glis.
The specimen was the sole representative of the subspecies T. ''glis'' hypochrysa, the only representative of T. glis from Java, and one we ultimately tested for its distinctiveness (see below). In the results presented here, this taxon is not included in the analysis. Our PCA of individuals used 10 variables from all 5 rays (Table 11) , chosen primarily because they were complete for all individuals of T. ''glis'' ferruginea, thereby obtaining the maximum available sample size for this taxon. In a plot of scores on the first 2 factor axes (Fig. 7C) , most individuals of T. ''glis'' ferruginea plot toward the upper right-hand quadrant, outside the large region circumscribed by T. glis. This position reflects the overall larger size (factor 1) and relatively narrower rays (factor 2) of T. ''glis'' ferruginea. There is some overlap with T. glis, however, and the 3 smallest individuals of T. ''glis'' ferruginea nest well within the plot for that species. We should note here that our subsequent analyses that focused on investigating the potential distinctiveness of T. ''glis'' hypochrysa used a 4-taxon model that included T. ''glis'' ferruginea (see below). In those analyses, T. ''glis'' ferruginea is even further removed from T. glis (Fig. 8) .
Cluster analysis of 38 variables shows 3 main groupings of taxa based on similarity of the hand bones (Fig. 7D) . T. glis remains most similar to T. belangeri. This pairing is most similar to the pairing of T. ''glis'' ferruginea and T. chrysogaster. The 3rd grouping is composed of 3 species, with T. ''glis'' discolor most similar to T. l. salatana, and this pairing most similar to T. l. longipes.
Javan Tupaia ''glis'' hypochrysa.-In our analyses of the potential distinctiveness of Javan T. ''glis'' hypochrysa relative to T. chrysogaster, T. glis, and T. ''glis'' ferruginea, we conducted PCA on each ray, but we focus our discussion on ray IV, which provided the greatest separation among the 4 groups. The bivariate plot of the first 2 factors from the PCA of ray IV is shown in Fig. 8A . The 1st factor axis accounts for more than 80% of the total variance and is a size vector, whereas the 2nd factor axis, accounting for 13% of the variance, is DPL contrasted with negatively weighted MPL and PPL (Table 12) . In this plot, the 4 groups segregate into the 4 quadrants. Size relationships show T. glis as having the smallest ray IV, followed in order by T. ''glis'' ferruginea, T. chrysogaster, and T. ''glis'' hypochrysa with the largest. Along the 2nd factor axis, T. ''glis'' ferruginea has relatively long proximal and middle phalanges, but short distal phalanges; T. glis and T. ''glis'' hypochrysa are intermediate, although the former has a positive score and the latter a negative one; and T. chrysogaster has relatively short proximal and middle phalanges, but long distal phalanges. The size relationships hold for rays II and III as well, but T. chrysogaster has a larger ray V than T. ''glis'' hypochrysa and both T. chrysogaster and T. ''glis'' ferruginea have a larger ray I. T. glis always exhibits the smallest rays.
In our analysis of individuals, the PCA model included 5 variables from ray IV (Table 13 ). The 1st factor axis in this analysis represents overall size of ray IV, and the 2nd axis is MPL contrasted with a negatively weighted DPL (with some contribution from PPW). In a plot of these first 2 factors (Fig. 8B), T. glis has the smallest components of ray IV and T. chrysogaster and T. ''glis'' ferruginea are intermediate in size, although both overlap with the largest T. glis on the 1st axis. The single specimen of T. ''glis'' hypochrysa has by far the largest ray IV, and it is well separated from the other 3 taxa. T. chrysogaster, T. ''glis'' hypochrysa, and T. ''glis'' ferruginea all mostly overlap the broad range of T. glis along the 2nd axis, although the largest individuals (i.e., those with the longest MPL and shortest DPL) are T. ''glis'' ferruginea. This axis mostly separates T. ''glis'' ferruginea from T. chrysogaster. A combination of the 2 axes separates T. ''glis'' ferruginea from T. glis.
Cluster analysis of 31 variables from these 4 taxa shows that T. chrysogaster and T. ''glis'' ferruginea are most similar to one another (Fig. 8C) , although there is a substantial distance between them. The next most similar taxon to that group is T. ''glis'' hypochrysa. T. glis is the least similar to the other 3 taxa in this analysis, although the distance separating them is small.
DISCUSSION
Taxonomic implications.-Tupaia glis has long been used as a ''wastebasket'' taxon, and it currently includes 27 synonyms (Helgen 2005) . In our study, we initially set out to assess the distinctiveness of hand proportions among 4 FIG. 7.-Plots illustrating the distinctiveness of Tupaia ''glis'' ferruginea from T. glis. Plots of factor scores on first 2 axes from principal components analysis (PCA) of means of 7 taxa (T. belangeri, T. chrysogaster, T. glis, T. ''glis'' ferruginea, T. ''glis'' discolor, T. longipes longipes, and T. l. salatana) for A) 6 variables from ray I ( Table 9 ) and B) 8 variables from ray II (Table 10) . T. ''glis'' ferruginea and T. glis are well separated from one another. C) Plot of factor scores on first 2 axes from a PCA of 10 variables from all 5 rays for individuals of T. glis and T. ''glis'' ferruginea (Table 11) . See also Fig. 8B . D) Phenogram from cluster analysis of 38 variables from all 5 rays. T. ''glis'' ferruginea is more similar to T. chrysogaster than to T. glis.
species of treeshrews previously considered as part of a more inclusive T. glis but now recognized as distinct species. The results of our analyses support the separation of these 4 species and demonstrate the potential utility of hand proportions in distinguishing closely related species of treeshrews. We further explored this method using other geographically circumscribed populations for which we had adequate samples.
The results of our analyses of populations of purported T. glis from Bangka Island (T. ''glis'' discolor) and Sumatra (T. ''glis'' ferruginea) show these 2 forms to have manus proportions distinct from those of mainland peninsular T. glis (see Fig. 9 for ranges). Recognition of T. discolor and T. ferruginea as distinct species will be further tested in molecular phylogeographic and craniodental morphometric analyses of T. glis, T. chrysogaster, T. longipes, and T. belangeri. T. discolor is further distinguished from T. glis based on mammae count and absence of the entepicondylar foramen of the humerus (Table 1; Lyon 1913) . The separation of these island taxa from T. glis greatly reduces its geographic distribution, restricting T. glis primarily to the Malay Peninsula (south of the Isthmus of Kra) and surrounding islands (Fig. 9) .
Tupaia longipes and T. salatana from Borneo (Fig. 9 ) have long been considered distinct as northern and southern subspecies (e.g., Helgen 2005; Lyon 1913 ), but our study shows that their substantial difference in manus proportions is equal to that found between recognized species. Although this distinction certainly requires comprehensive testing with larger samples and additional types of data (e.g., molecular and craniodental), we are sufficiently confident in our results to consider them distinct species.
Our analyses of manus proportions in T. ''glis'' hypochrysa from Java (Fig. 9 ) strongly suggest that this island taxon, like those from intervening Bangka Island and Sumatra, is distinct from peninsular Malaysian T. glis. Although this makes sense on geographical grounds, the small sample available to us combined with the lack of other morphological or molecular studies providing supporting evidence prevents us from formally recognizing T. hypochrysa as a distinct species at this time. Our results, should, however, be a signal that the systematics of this population warrant further testing in future molecular and morphological analyses. Our analysis of hand proportions provides strong morphological evidence that supports recognition of 3 additional species of Tupaia in Indonesia (Fig. 9) . Given the 15 (Helgen 2005) or 16 ) species of Tupaia currently recognized, this is a considerable addition to the diversity of this genus and contributes to our understanding of the diversity of this geographic region. The distribution of these species on islands in the Indonesian archipelago has serious conservation implications for these relatively small, potentially vulnerable populations.
Conservation implications.-Efforts to identify conservation priorities for treeshrews are severely compromised by taxonomic instability (e.g., all treeshrew species are currently listed in Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora [CITES; e.g., Han 2008; Meijaard and MacKinnon 2008] ). Helgen (2005:104) qualified his treeshrew chapter in the 3rd edition of Mammal Species of the World as ''no substitute for a TABLE 13.-Component loadings from principal components analysis of 5 variables from ray IV in individuals of Tupaia glis, T. chrysogaster, T. g. ferruginea, and T. g. hypochrysa (Fig. 8B) TABLE 12.-Mean factor scores and component loadings from principal components analysis of 6 variables from ray IV in Tupaia glis, T. chrysogaster, T. g. ferruginea, and T. g. hypochrysa (Fig. 8A) FIG. 8.-Plots illustrating the distinctiveness of Tupaia ''glis'' hypochrysa relative to T. chrysogaster, T. glis, and T. ''glis'' ferruginea. A) Plot of factor scores on first 2 axes from principal components analysis (PCA) of means of 6 variables from ray IV (Table 12 ). All 4 taxa plot in different quadrants. B) Plot of factor scores on first 2 axes from PCA of 5 variables from ray IV for individuals (Table 13) . T. ''glis'' hypochrysa is distinct from the other 3 taxa. C) Phenogram from cluster analysis of 31 variables from all 5 rays. T. ''glis'' hypochrysa is more similar to T. chrysogaster and T. ''glis'' ferruginea than to T. glis.
comprehensive systematic review of the order.'' Only when the taxonomy of Scandentia has been revised with modern molecular and morphological methods will it be possible to seriously address treeshrew conservation priorities (Olson et al. 2004a; Schlick-Steiner et al. 2007) . Treeshrews are distributed in 3 of the world's foremost biodiversity hotspots: Sundaland, Indo-Burma, and the Philippines (Myers et al. 2000) . Although Southeast Asia is on the threshold of a biodiversity disaster, there is a paucity of data for conservation efforts on even the more frequently studied taxa from these 3 hotspots (Sodhi et al. 2004) . Sundaland in particular is among the 5 richest hotspots that house 16% of all the world's vertebrates on 0.4% of the earth's surface (Myers et al. 2000) , yet there are fewer biodiversity-related publications concerning this and other Southeast Asian regions than for less-distressed areas (Sodhi et al. 2004) . Hence, any taxonomic revision of poorly studied taxa from Southeast Asia, such as treeshrews, could have major implications for conservation strategies of those taxa.
The case of T. chrysogaster illustrates the continued relevance of taxonomic revision on the conservation status of a species. Most treeshrews are classified as species of ''Least Concern'' on the IUCN Red List of Threatened Species (e.g., Han 2008) , whereas the island endemic T. chrysogaster is 1 of only 2 species considered to be endangered (Meijaard and MacKinnon 2008) . The resurrection of this species by was critical for accurately assessing the conservation status of the population on the Mentawai Islands (Fig. 9) , which otherwise would have been overlooked as part of a widespread T. glis. Similarly, our recognition of T. ferruginea from Sumatra and T. salatana and T. longipes from Borneo should focus greater attention on those populations. More closely analogous to the case of T. chrysogaster is that of T. discolor from Bangka Island (Fig. 9) , which is much smaller in area than Sumatra or Borneo, although certainly larger than the 3 Mentawai Islands in which T. chrysogaster is distributed (i.e., North and South Pagai Islands and Sipora; Fig. 9 ). Recognition of T. discolor necessitates a reassessment of its conservation status. Moreover, the removal of these populations from T. glis reduces its effective geographic range, warranting a reevaluation of its status as well. Given such conservation implications, the taxonomic boundaries of problematic taxa such as the T. glis-T. belangeri species complex must continue to be explored with additional molecular and morphological evidence. And, as this study shows, morphological analyses should not be restricted to traditional craniodental or external measurements, but expanded to include postcranial data as well.
